Abstract-We contribute a methodical approach in the context of IS design science research to develop UI prototypes for evaluations in practice-oriented research. Based on previous research on improving IS support for early product cost optimization, we present and discuss our methodical approach to derive UI prototypes based on an evaluated requirements model. The objective of the outlined approach comprising different steps is to derive a clickable UI prototype that is feasible for further artifact evaluation within institutional environments. Together with experts from the practice of software engineering we iterated through the working steps of the elaborated approach to determine its feasibility to derive a prototype and moreover, generate visual examples for each step to improve the approach's comprehensibility. In addition to the description of the approach itself we point to significant hurdles that have arisen with the application of it in order to generate learnings for other research projects.
I. MOTIVATION
N times of globalization, demand rises for agility, innovation, and quality. Furthermore, shortened product life cycles and an amplified variety of product models have increased pressure on product manufacturers [1] , [2] . In order to keep up with the global competition as such, optimizing product costs throughout a product's life cycle has become a major driver for economic success. To ensure the long-lasting economic success of products in the upcoming decades, organizations have been attempting to optimize product costs for the overall product life cycle. This is especially true for the discrete manufacturing industry, where products like cars, trucks, airplanes, and high-tech machinery are assembled out of thousands of globally sourced components [1] . Figure 1 describes the cost situation in the life cycle of such products. Surprisingly, 90% of all product costs are determined before production starts -and, thus, in the phase of product development. Linking this fact to the idea of product cost optimization to ensure economic success, it becomes obvious that product development phases offer the most potential to optimize product costs. Despite this immense potential, there is a lack of information system (IS) support for product cost optimization during product development [3] , [4] , [5] .
In our long-term research project, we aim to improve IS support for product cost optimization during product development and, therefore, aid the industry in making use of the cost optimization potential. Due to the practical relevance of the research problem and the demand for new IS approaches within the industry [4] , [5] , we initiated a research project together with the software corporation SAP SE. The resulting research collaboration, which includes various international companies, is framed by a design science research (DSR) approach [6] . First, we worked out a detailed problem identification together with companies among the discrete manufacturing industry [4] , [5] . To overcome the identified problems, we elaborated major implementation challenges and requirements, which were further transferred into a requirements model [1] . After an industry evaluation of the requirements model [1] , we now aim to design possible solutions to improve the support of IS for early product cost optimization and, thus, use the potential of product development phases ( Figure 1 ).
In order to exploit the full potential of our industry research collaboration, it is recommended to evaluate DSR artifacts in their natural setting [7] . For this purpose, it is necessary to elaborate instantiations of potential problem solutions that can be evaluated by industry experts in practice. The question is: how can this be done?
Although DSR is generally gaining popularity in IS research [8] , there are only a few research contributions that provide guidance for the design of at least partially instantiated artifacts in the context of DSR [9] . Further literature analyses have shown that the majority of the designed artifacts in DSR research are of type method or model [8] and can, therefore, only provide limited guidance for our practice-oriented approach to design potential solutions. In addition, the need to develop further research methods that immerse researchers in practice environments has been highlighted in the literature [10] . To answer these research questions, we briefly introduce the research project and the research results to date. We then explain the elaborated approach to develop the UI prototype and explain the individual working steps in detail with the support of visual examples. The paper concludes with a discussion of results and an elaboration of lessons learned based on the application of this approach in the context of our research project, including possible pitfalls to provide valuable insights for other researchers.
I

II.BACKGROUND
Though there are IS available that aim at supporting product cost calculation during product development [12] , a lack of functionality and the demand for enhancements has been identified [3] . Building on this, in our initial research steps, we identified missing support for early product cost optimization and the resulting drawbacks for the industry [4] , [5] . To establish a substantiated foundation for further research activities in a DSR context [13] , we elaborated and evaluated a requirements model with experts from international companies within the discrete manufacturing industry [1] . Moreover, we identified major implementation challenges that have an impact on the solution acceptance in the industry and, therefore, will have an impact on the current phase of our research: solution design.
In theory, the DSR artifact design and development process is described as a rather individual and creative engineering process [9] , [14] . Though there are general approaches available in the literature describing this process, the lack of guidance for artifact design in IS literature is evident [9] .
Seeking such processual guidance for developing a potential solution, we had to consider an important circumstance in our research domain: Product cost optimization measures are derived in a rather unpredictable context based on deliberations of various stakeholders (e.g., product developers, production process engineers, production planers, cost controllers, and purchasers) and their collaboration [4] . Such deliberations do not follow best-practice patterns, but originate from an evolving knowledge-base along the product development phase, and therefore, result in dynamic, context-driven product cost optimization processes. Such processes can be classified as one type of emergent knowledge processes, as argued in our requirements elaboration [1] .
Hence, potential solutions must support dynamically changing processes with a bandwidth of deliberations and tradeoffs based on complex, evolving expert knowledge bases within the organization, which is exclusive to product development [15] . [4] , [11] 716 PROCEEDINGS OF THE FEDCSIS. POZNAŃ, 2018 Fig. 2 Degree of process specification [1] , [16] With this justificatory knowledge in mind, developing potential solutions becomes a challenge: First of all, it is important to determine the right degree of process support for experts using the IS without being too restrictive to limit their capabilities while carrying out product cost optimization across their organization. In addition, following the argumentation in [7] and [16] , the developed solutions must be evaluated in the specific environment of their application. In our case, this requires an evaluation where business experts try to use our prototypes as support for their product cost optimization processes.
Due to the strong tie of our research problem to an organizational context, it is necessary to reflect whether the DSR methods to develop such a UI prototype fit our research context. This is especially important since it has been revealed that DSR methods consider organizational intervention to be of lesser importance [17] . In contrast to this, [10] argued to further develop specific methods aiming at the co-constitutional character of user contexts and institutional environments.
Such co-constitutional aspects can be approached in multiple ways. [18] criticized the strong sequencing of DSR, which separates developing artifacts from evaluating artifacts. To overcome this separation, action design research (ADR) has been recommended as a DSR method to closely link development to evaluation [18] . Further recommend-dations have been proposed in the literature [19] . Based on a comparative analysis of DSR with the constructive research approach, [19] highlighted the potential to improve DSR methods by developing best practices for collaborative development.
Beyond the DSR discourse, it is worth examining how IS prototypes are being used in practice. One area of regular prototype development and evaluation is agile software development (e.g., rapid prototyping) [20] . One specific example within the area of development research is mockup-driven development [21] . This approach makes use of UI prototypes (mockups) to receive early and continuous feedback to guide modeling and, thus, align further application development. This coincides with the intention for ADR as a method [18] to combine development and evaluation of artifacts into iterative steps.
We would like to take advantage of the experiences that have been made with mockup-driven development approaches to build a bridge between our scientific research and the evaluating group of practitioners. By this attempt, we intend to enable business experts within the discrete manufacturing industry to quickly grasp core intentions of our prototypes without preceding knowledge transfer. Furthermore, less effort would be exerted to create UI mockups instead of software prototypes, allowing shorter artifact iterations. The use of UI prototypes as a feasible option for DSR artifact evaluation has already been shown in other DSR projects [22] .
III. METHODICAL APPROACH
The purpose of this paper is to draft and discuss a processual approach to develop evaluable UI prototypes to enhance practical research collaborations. This practical research collaboration is important for the problem solution, as product costing has a strong focus on expert knowledge [5] , [23] . Moreover, industrial practice is the most important source of information for cost optimization projects [24] . Therefore, the access to knowledge from practitioner communities is fundamental for our research [1] . At the same time, such knowledge ensures that our research is relevant to practice [25] .
Within our long-term design science research project, we elaborated and evaluated a requirements model [1] that included 30 detailed requirements in combination with implementation challenges on the basis of industry expert interviews and focus groups. In addition, the knowledge exchange with domain experts helped us to gain a holistic understanding of applied product cost optimization processes among different companies in an applied environment [5] . This was essential to develop a rather abstract approach -with respect to emergent circumstances toward the degree of process specification (see Background) -toward early product cost optimization, which has been agreed upon by industry experts (Figure 3 ). Fig. 3 Approach to support early product cost optimization [1] As this approach provides support for the maturation of individual optimization measures (e.g., make-or-buy decisions, evaluation of alternative product concept or production processes, or optimization of logistic costs) [1] , [5] , our UI prototype development should be guided by such scenarios in which optimization measures mature from their identification through evaluation to implementation.
Therefore, we initiated our prototype development with the derivation of example optimization processes ( Figure 4 ). These process descriptions were then used to deduce different user scenarios, each representing one step within the exemplary optimization process. Such a user scenario describes the sequence of working tasks from the perspective of a specific expert user involved in the optimization processes (e.g., product cost controller, purchaser, engineer).
Such user scenarios are designed in a way that they consider aspects of the previously evaluated requirements. This is important because we used these scenarios for a focus group with five UI experts from our research partner SAP SE who were not familiar with our research domain of product cost optimization. Since the UI experts were not familiar with the industry processes, we were able to validate and adjust our user scenarios in terms of comprehensibility. After the establishment of a common understanding, it was the task of the UI experts to transfer the user scenarios independently into UI drafts without further assistance. This was done using a paper-based approach.
Afterwards, each UI expert presented his UI drafts for each user scenario to the whole group. During this presentation, each focus group participant was encouraged to provide feedback for the different UI drafts. This feedback was helpful for us to then transfer the various paper-based designs into a digital "best-of-breed" UI prototype combining the most valuable concepts. This prototype was created with Balsamiq mockup software [26] , which allows individual UI screens (and their elements) to be linked into a "clickable UI prototype."
As the last step of this development approach, we internally evaluated the clickable UI prototype first against our user scenarios and example processes, and later against the evaluated requirements in detail. This iteration allowed us to adjust the prototype design and the user scenarios. This iterative approach to design a rather mature clickable UI prototype is necessary, because practitioners within the industry are usually limited toward their buy-in into research activities (especially timewise) [27] . For this reason, it makes sense to integrate these important knowledge resources in less granular and well-prepared research increments, being feasible for practice-oriented evaluation to maintain collaboration motivation.
In the next section, we will discuss the single steps of the development approach in detail and support them with examples from our research project.
IV. PROCESS DETAILS
A. Processes Modeling (1) and User Scenario Design (2)
According to [10] , the process of designing a DSR artifact always has its point of departure in the current world. This is especially true for our practical problem of lacking IS support during early product cost optimization. Therefore, we first established an understanding of relevant optimization approaches [5] and transformed these into exemplary process flows. We started with a rather informal descriptive approach, and later used model-based approaches to establish a basis for a collective understanding among the stakeholders. In detail, we modeled the exemplary process flows with BPMN 2.0 (Business Process Model and Notation) [28] .
Due to the emergent process characteristics of our research domain, process modeling is a challenge (see Background). This is because of emergent process adaptions in practice that can neither be foreseen nor fully defined by us; yet, at the same time, it is immanent that there is no chance to reach full process coverage. Therefore, we decided to transform those optimization approaches into process models, which have been evaluated as the most relevant for early product cost optimization within the discrete manufacturing industry (Table 1) [5] . It is important to emphasize that this set of modeled exemplary processes does not claim to be complete. Nevertheless, it provides valuable insights into where and
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how the support of practitioners needs to be improved with IS. Furthermore, process modeling helped us to identify the various process stakeholders. By differentiating between different user roles and their individual tasks within the optimization process, we were able to identify each business expert's contribution to mature a cost optimization measure from a vague idea to its implementation into a cost calculation. Building on this, we derived specific user scenarios, each representing one step within the modeled optimization process. These user scenarios form a descriptive sequence of granular working tasks from the perspective of the specific user role. These user scenarios were then enriched by transforming evaluated requirements into dedicated user actions along the processual working tasks. This was done similarly to the approach of formulating user stories in agile software development to describe functional requirements [29] .
User scenario: Create a new proposal for a make-or-buy analysis for a specific component in your product
The cross-functional "cost-optimization workshop" for the development of product "Pump P-100" is in progress. You have identified a target cost deviation for the component "Casing" in your current cost calculation. Together with experts from different specialties, like purchasing, engineering, and production planning, you have identified and discussed potential optimization measures. As product cost controller, Peter, it is your task to initiate the most promising optimization measure "Make-orbuy analysis for component Casing" for further evaluation.
To do so, the following working steps must be accomplished:
• Create the measure for component "Casing" in your costing structure.
• Create an achievement plan for the measure. The cost calculation of "Pump P-100" is part of a customer quotation and, therefore, must be done by 2017-11-30.
• In order to reach the target costs, the measure must achieve savings of 300€. This targeted impact was agreed on during the cost optimization workshop. Maintain this targeted impact for the measure to enable further evaluations.
• Assign the responsibility for next evaluation steps to user Joe from purchasing department. Figure 5 shows a rather simple scenario from the beginning of the optimization process for a measure of type "make-or-buy analysis" ( Table 1 ) that is being used in our prototype development. The scenario is written from the perspective of the product cost controller -who is responsible for the management of cost optimization measures at most companies [4] -and addresses requirements from our evaluated requirements model in [1] . For example, we approach the requirement toward a functionality that supports "Target costing" during the identification of an optimization measure ("Identification," Figure 3 ). In addition, we address requirements from the area of measure management ("Measure Management," Figure 3 ). In detail, this is the basic requirement of a centralized platform to manage the optimization measure among cost calculation projects, the assignment of responsibilities, the ability to create achievement plans, and the need to link the measure to components in existing cost calculations. To prioritize requirements toward our prototype, the requirements were not only validated toward their general relevance, but were prioritized on a scale from 0 (not important) to 10 (very important). Table 2 shows selected requirements and their evaluation results. The user scenario in Figure 5 implies that there is an IS for performing early product cost calculation in place which our prototype can integrate with (see Background). As identified in previous research, this is not always the case in practice [4] . Nonetheless, the elaborated implementation challenges in previous research demand an integrated approach to ensure artifact acceptance by the end-users [1] . Moreover, this scenario implication seems to be valid because such IS are available on the market [12] , although their functionality cannot cover all requirements among the discrete manufacturing industry [5] .
Moreover, we introduced avatars for each user role ( Figure 5 ) in our optimization processes. Through this idea adopted from a gamification concept for agile software development [30] , we aim at making the descriptive, mostly text-based user scenarios, more attractive to people being involved in our prototype development and evaluation process (e.g., UI experts or evaluating domain experts). In addition, this should improve transparency about available user roles and their dedicated tasks in practical environments. These avatars remained consistent among the different optimization scenarios and the prototype development iterations (Table 1) . Fig. 6 Avatars that were used for the make-or-buy optimization process
B. Focus Groups with UI Experts (3)
The elaborated user scenarios build the foundation for the next step in our prototype development process. In contrast to software engineering practice where mockups are being used to enrich descriptive requirements [31] , our research focuses on the derivation of design principles to improve IS support for emergent cost-optimization processes. Therefore, we decided to use the process of transforming requirements into visual mockups as an initial step to identify possible success criteria and design principles to support ex-post evaluations [32] .
Due to our research collaboration with SAP SE, we had the chance to involve experts for user interfaces design in business software from SAP Innovation Center Network [33] . In a focus group involving five senior experts, who have focused on UI conception and development, with more than 7 years of work experience each, we firstly introduced the research topic driven by our problem identification [4] . Afterwards, we introduced the research approach ( Figure 4 ) and stated the objective to create UI drafts aiming at the task fulfillment described in the set of user scenarios. As the last step of our introduction, we outlined the selected optimization process based on our BPMN models with the support of user role avatars.
Since the role of creativity to suggest solutions was highlighted in [9] , we chose a pure paper-based approach to initially draft UI proposals. Nevertheless, this deliberation was not made without intention: Research has shown that paper-based approaches have certain advantages over digital prototyping approaches. Paper-based prototypes are particularly preferable when different design solutions need to be negotiated and stakeholder feedback is considered important [34] . Since we planned to have open feedback discussions among experts and, moreover, wanted to combine different solutions into a "best-of-breed" UI prototype later in the process, the paper-based approach seemed more valuable from a research perspective.
To create the UI drafts, we iterated through the o p t i m i z a t i o n p ro c e s s b a s e d o n t he u s e r s c e na ri o s a s a n iteration increment. The user scenario was presented to the focus group following the opportunity to clarify questions regarding its comprehensibility. By challenging the comprehensibility with the experts, we were able to further enhance the user scenarios. After reaching a collective understanding of the user scenario, the experts were asked to draft the UI individually. To underpin our claim to exemplary action, selected results of this focus group session are presented in Figure 7 . Fig. 7 Paper-based draft implementing user scenario from Figure 5 At the end of each iteration cycle, each focus group participant presented his UI draft for the specific user scenario, supported by an argumentation for the chosen UI concept. Afterwards, focus group members could provide feedback and clarify open questions. In total, we derived 47 individual, paper-based UI screen proposals for the optimization process of type "make-or-buy analysis" distributed over two separate sessions with a total duration of five working hours. The challenge in the following development step is to combine the various drafts to an evaluable prototype.
C. Development (4) and Validation (5) of a UI prototype
To transform the various paper-based UI drafts into a UI prototype that is suitable for evaluation with industry experts, we combined the most promising (also, in regard to UI expert feedback during the focus group session) drafts into digital mockups. As mentioned earlier (see Development Approach), we used the dedicated mockup software Balsamiq [26] to create a digital UI prototype.
Such a digital UI prototype consists of multiple mockups, each representing a certain UI screen (Figure 8 ). The major advantage of such a digital prototype over a paper-based prototype is the ability to link the different mockups (UI screens and their elements, such as buttons or text fields) to each other. The result is a UI prototype that a user can click through similarly to a real, implemented prototype.
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Fig. 8 UI mockup for user scenario from Figure 5 As was to be expected, not all expert UI drafts could be combined with each other. This was not due to specific UI elements or their arrangement in screens, but rather in terms of different conceptual approaches to address user scenarios. With the help of the digital UI prototype, we can easily exchange a series of UI screens to provide alternative concepts for parallel evaluation. This is extremely helpful to simulate different approaches toward process support (see Background). To stress the argumentation of [10] once more (see Processes Modeling (1) and User Scenario Design (2) ) and, thus, enable an evaluation in institutional environments, we designed the clickable UI prototype to integrate with mockups of SAP Product Lifecycle Costing (Figure 9 ) [35] . This software is a dedicated solution to support early product cost calculation (see Background) a n d i s o n e possible software solution available on the market that could be integrated with our UI prototype [12] . At the same time, this visual integration was necessary to address one of our elaborated implementation challenges demanding an integrated approach for optimization measure management [1] .
The further development of this clickable UI prototype is linked to its internal evaluation. This internal evaluation uses three previously elaborated elements for evaluation: process models, user scenarios, and the requirements model, including a requirement description (Figure 10) . Initially, we verified that the prototype addressed the tasks outlined in the user scenarios. Furthermore, we checked whether the prototype implemented by the user scenarios still corresponded to the requirements description in the validated requirements model. Finally, the prototype's click sequence needed to support the order of the tasks according to the process models.
Define responsibilities
Due to highly interdisciplinary activities, measures' responsibilities, such as functional organizations or individual task owners, must be distinctly assigned to each measure. It ensures clear organizational responsibilities for the cross-functional optimization processes.
Create achievement plans
Due to time pressure during product development, product cost optimization must be accomplished in time. Therefore, measures must contain either due dates or product development-related gates, enabling ongoing reporting. (Table 2 ) [1] After the successful internal evaluation, we completed the development of the UI prototype that is intended for further evaluation by domain experts. This evaluation is planned in two parts: First, we let domain experts, such as consultants, product owners, and solution owners for product costing s o l u t i o n s , f r o m o u r r e s e a r c h p a r t n e r S A P S E d o t h e evaluation. Based on their feedback, we iterate through the outlined development process (Figure 4 ) once more. Business experts from the industry will then take over further evaluation.
V. LESSONS LEARNED
In addition to the outline of our approach to transform requirements into a UI prototype, we want to contribute lessons learned from the application of this approach for our research project. Although the approach with its examples from our research project seems easy to implement, there are still some hurdles to overcome. We want to show these in the following, as they can also be relevant for other researchers in similar research contexts.
During the focus group sessions with UI experts (see Focus Groups with UI Experts (3)) we underestimated the duration of the iterations per user scenario. Looking back, the time required for each scenario can be estimated to be one hour. Contrary to our expectations, the initial scenario explanation with subsequent questions toward comprehensibility was very time-consuming. This was mainly due to the UI expert's lack of knowledge in the specific research domain of early product cost optimization and its application in practice. Due to the unexpected delay, we had to schedule a second appointment with the UI experts to finish the draft of the optimization process of type "makeor-buy" (see Processes Modeling (1) and User Scenario Design (2)). Due to time constraints, we had to consult another UI expert and, thus, employed initial ramp up efforts once more. In order to counter such timing problems early, sufficient time should be planned for the appointments.
From our perspective, there is a chance to speed up the drafting process. Our assumption of providing the user scenarios for each step of the process in terms of process comprehensibility led to a certain redundancy across several user scenarios (e.g., different user roles were accessing the collection of optimization measures in a similar way). By removing such redundant scenarios and, moreover, focusing on less self-explaining scenarios (e.g., the cockpit screen, Figure 9 ), we could have been more efficient without losing relevant findings for our research problem (see Background).
For the next prototype development, we aim at a focus group approach that further enhances the creativity of involved UI experts. Though our idea of a paper-based approach was appropriate in our research context to develop potential approaches solving identified problems, we strongly believe that user scenarios provide too much guidance to elaborate ground-breaking findings. Nonetheless, the approach to draw paper-based prototypes is less time-consuming than drafting digital prototypes with dedicated software (See Development (4) and Validation (5) of a UI prototype).
In general, the approach to aim at such "clickable UI prototype" for evaluation is valuable for us. Instead of the need to implement a full-stack prototype, which, in addition, could have been limited by the extensibility options of available product costing software (see Processes Modeling (1) and User Scenario Design (2)), we could efficiently iterate through the development process to further enhance the prototype. This would simplify the testing and evaluation of several solutions in parallel. It would also motivate stakeholders to participate in the research (e.g., with new ideas or concepts), as development and its output would be progressing rapidly.
In addition, it should be mentioned that difficulties may arise when deriving and interpreting the process models and their user scenarios from the industry context into the research context. Therefore, we highly recommend evaluating the single process step results (Figure 4) , like process models or user scenarios with domain experts to prevent the derivation of (partly) incorrect scenarios. To easily communicate and evaluate such results, model-based approaches like BPMN 2.0 (see Processes Modeling (1) and User Scenario Design (2)) should be used to establish a collective understanding for all stakeholders.
Furthermore, it must be ensured that the transfer of research domain content to the UI experts has been successful. Though we thoroughly introduced our research domain, including the core of our problem identification [4] , [5] and the approach to derive a UI prototype ( Figure  4) , multiple questions for each scenario were raised. This was time consuming, but necessary for a collective understanding. The transfer from paper-based UI drafts and their underlying conceptual ideas to the digital UI prototype involves similar transition difficulties, which we recommend verifying with UI expert consultations, at least briefly, after the mockups have been created.
VI. DISCUSSION
First, the question must be asked regarding whether the outlined approach is a valid contribution to practiceoriented DSR since we utilize a variety of well-established elements and approaches from software engineering (e.g., paper-based prototypes or mockup-driven development). According to [14] , the development of tentative designs to solve identified problems is a rather pedestrian process in which no novelty beyond the state-of-art is required. Rather, the novelty should be part of the solution design itself. Following this argumentation, we do not state the UI prototype development approach as our research artifact, but as a valuable contribution to the research community. This is especially true because, for example, the rare process guidance for artifact design has been criticized [9] . In detail, recent literature reviews have indicated only a small amount of DSR dealing with the development of software-based artifacts [8] . This is underpinned by [10] , who requested methods to enable IS researchers to become immersed into institutional environments. As our approach results in UI prototypes for evaluation in practical contexts, we are convinced that it is a valuable and engaging approach toward practice-oriented DSR for all stakeholders.
What is indeed beneficial for our contextual prototyping are insights from works on action design research (ADR) as proposed in the context of DSR [18] . The interference with ADR and, therefore, the strong practical context opens room for discussions about the methodological rigor of our proposal to design a potential solution for further evaluation in the context of our problem to improve IS support for early product cost optimization. As argued by [36] , there are certain conflicts in the discipline of IS research when it comes to the influence of methodical rigor. With this contribution, we want to respond to and later solve a practical problem, which IS routine problem solving [37] has failed to address for many decades [3] , [4] , [5] , [23] , and now must be tackled by IS research.
Though we have not yet demonstrated the capability of the results to solve our identified problem [4] , [5] as recommended by [6] , the sole idea of designing an evaluable UI prototype has advanced our research project. The iterative validations and adjustments during the execution helped us to sharpen the understanding of the research; furthermore, the approach enabled new and improved existing collaborations with research stakeholders. According to [38] , participation has the potential to enrich descriptions of the research process as well as increase the understanding of the artifact and its instantiation. Though the participation of experts in our approach led to unexpected efforts (see Lessons Learned), we can confirm and highly recommend a broad participation -especially if it concerns participants from other disciplines. Hence, the presented approach provides thought-provoking impulses and prevents tunnel vision among researchers.
This links to the contextual nature of our UI prototype for future evaluation. Earlier in this paper, we highlighted the emergent character of product cost optimization processes and the need to provide a context-integrative solution (see Background). The integration into the context of an industry application was possible and, thus, addresses one major implementation challenge to improve IS support in early product cost optimization [1] . Moreover, the evaluation of such UI prototype in practical contexts has already been shown in other research projects [22] . Therefore, we are convinced that the presented approach can contribute to finding answers to the research questions associated with our long-term research project. In addition, the concept to design the prototype iteratively improves result quality and, hence, helps to better use the already difficult-to-reach experts within the industry.
However, researchers who want to adapt this approach for their research must bear in mind that some hurdles may arise, especially regarding the transitions between the individual steps of the approach (Figure 4 ):
• Derivation of misguiding processes and user scenarios • Knowledge transfer to UI experts regarding the research domain and the objective to think beyond boundaries • Transformation of UI drafts back into the research domain-oriented context
To avoid such issues, validation and participation are key contributions to successfully derive a ready-to-evaluate UI prototype.
VII. CONCLUSION
Overall, we outlined our approach to develop a clickable UI prototype based on an evaluated requirements model with 30 individual requirements in the context of our longterm research project. This research project follows a DSR process recommendation [6] to improve early product cost optimization in the discrete manufacturing industry. In conjunction with this practical problem and its emergent character [1] , we need to design and propose a IS solution that can be evaluated in the context of institutional environments as part of an iterative evaluation. This evaluation is part of the next research step in our long-term project, and has started with the UI prototype derived out of the outlined approach.
The approach of transforming requirements into a UI prototype has proven its value for us: Well-established techniques and state-of-the-art approaches from the software engineering discipline helped to improve research quality and strengthen relations with stakeholders with reasonable development efforts (compared to software-based prototypes). The collaboration with and the contribution of UI experts to our research were especially appreciated.
Moreover, we address the evident need within the literature to provide further guidance for the design phase of DSR. To provide meaningful guidance to IS researchers, the presented approach is enriched with examples and increments from our research project. In addition, the Lessons Learned section should help to adopt the process more easily. By this, we hope to further encourage researchers in practice-oriented research, and, at the same time, motivate experts among industry to join scientific research projects to solve relevant problems.
Applying the recommendation from [6] to our research project, we further concentrate on the improvement of our UI prototype and its ability to solve the problem identified in [4] and [5] . This prototype improvement is mainly driven by iterative evaluations of experts from the industry.
